vide definitive details of encapsulation of the Smith strain. A marked difference in LD50 values for the two serologicaily distinct capsular types of S. aureus was demonstrated. The paradoxical behavior of these two strains suggested that the host was resistant to one and was susceptible to the other. A survey of the carriage incidence in mice for staphylococci and staphylococcal capsular antibodies disclosed the presence of staphylococci and capsular antibodies in these animals. The capsular antibodies detected were reactive against only one of the capsular types of S. aureus. None of the sera from the mice surveyed possessed capsular antibodies against the Smith diffuse variant, but the average incidence for the capsular antibodies against the wound mucoid type was 46%. We postulated that the susceptibility of the mice to the Smith diffuse variant was caused by the absence of protective, type-specific capsular antibodies. Conversely, the resistance of the mice to the wound mucoid staphylococci may have been a result of the presence of type-specific capsular antibodies.
The results given in this paper are concerned with the paradoxical behavior of two encapsulated strains of Staphylococcus aureus, one that is virulent for laboratory mice and one that is not. The virulent strain, the Smith diffuse variant, is commonly accepted as encapsulated, but some investigators have failed to elicit a specific capsular reaction with this strain (6, (11) (12) . The avirulent strain, the wound strain isolated by Wiley (18) , exhibited a specific capsular reaction. Although the wound strain of Wiley was less virulent for mice than the diffuse variant of Smith, it gave a positive specific capsular reaction, which, in our opinion, is the most definitive method for demonstrating capsules of S. aureus.
We undertook these studies in an attempt to explain the possible paradox involved when one considers that both strains of S. aureus are encapsulated, but only the Smith diffuse variant was virulent for mice.
MATERIALS AND METHODS
Strains. The strains used were wound mucoid strain described by Wiley (18) , and a variant of that strain obtained by testing colonies and selecting the one that was butyrous rather than mucoid. The wound variant did not exhibit a specific capsular reaction. M. G. Koenig and S. I. Morse supplied the compact and diffuse Smith strains that we used. All the strains were grown in serum soft agar to observe their colonial morphology (3, 4) .
Media and cultivation. Buffered nutrient glycerol broth (BNG broth), buffered nutrient glycerol agar (BNG agar), and the semisynthetic medium previously described by Wiley (18) were employed. The semisynthetic medium was slightly modified for the growth of the Smith strain. Dextrose (1%) was substituted for the glycerol. A starter flask of 50 ml of semisynthetic medium was inoculated with a loopful of staphylococci that had previously been cloned and grown on BNG agar for 18 to 24 hr. The flask was incubated at 37 C on a reciprocating shaker (Eberbach & Son Co., Ann Arbor, Mich.). When growth had begun in the starter flask, the contents were aseptically transferred into 1 liter of semisynthetic medium. The pH was maintained at 7.0 to 7.4 by addition of sterile 1 N KOH several times daily. After cessation of growth, a Gram stain was made. Formalin was then added to a final concentration of 0.5%, and the cultures were once again returned to the shaker for 24 hr. Each culture was tested for sterility, by plating 1 ml onto a sheep blood-agar plate.
Mannitol Salt Agar (Difco) was used for primary isolation of S. aureus from rectal and throat swabs. Single colonies were selected from the Mannitol Salt Agar and streaked onto BNG agar plates. The colonies were Gram stained and tested for coagulase production. aThe LDso values and the 95% confidence limits are expressed as the number of organisms producing a 50% kill. carriage of 61.5%. Of 60 mice, 37 harbored coagulase-positive staphylococci. A total of 45 coagulase-positive strains were isolated (some mice carried staphylococci in both the throat and rectum). Also, we noted that two of the staphylococcal strains isolated from the mice were naturally encapsulated, and these strains reacted with an antiserum prepared against the wound strain. In view of these observations, a survey of the incidence of capsular antibodies in Swiss albino mice was undertaken. From the same group of mice used above, blood samples were obtained and the serum was tested for the presence of anticapsular antibodies against the wound mucoid strain and against the strain of S. aureus carried by the mouse from which the blood was removed. The results of these tests are presented in Table 4 . Of the 60 sera tested, 33 gave a positive specific capsular reaction with the wound strain. This number represented 55% of the mice. None of the sera demonstrated a positive specific capsular reaction when tested against the S. aureus obtained from the same mouse as the serum. This finding, while unexpected, may be understood on the basis that the strains carried by the mice might not have been encapsulated and, hence, could not undergo a specific capsular reaction. Table 5 ; 32.5% of the mice possessed capsular antibodies reactive with the wound strain, but none of the mice possessed capsular antibodies reactive with the Smith diffuse strain. The latter observation was not caused by the inability of the mice to make capsular antibodies against the Smith diffuse strain. All mice that survived the virulence tests of the Smith diffuse strain were injected with living Smith diffuse organisms. The first injection consisted of 500 staphylococci suspended in BMG broth. After 1 week, the mice were injected with 50,000 Smith diffuse organisms. The final injection was 2 weeks after the first, and a dose of 500,000 organisms was given to each mouse. The mice were bled 7 days later, and their sera were pooled. The pool from these mice exhibited positive specific capsular reactions with the Smith diffuse strain.
DISCUSSION
Tomcsik (17) believed that the term "quellung" or capsular swelling was a misnomer. His observations suggested that the majority of encapsulated organisms showed no detectable swelling of the capsule. Therefore, he proposed the term specific capsular reaction. Recently Baker et al. (1), using the electron microscope, noticed that the capsular reaction phenomenon, at least in the case of Diplococcus pneumoniae type 1, was a true swelling of the capsule. When specific antiserum and organisms were mixed, the antigen-antibody reaction occurred only at the surface of the capsule. However, the cell wall, cytoplasmic matrix, and nuclear material were not affected. Price and Kneeland (15, 16) elicited a specific capsular reaction with a strain of S. aureus (RLM), and called the reaction a capsular swelling; Wiley (18, 19) substantiated their findings. In prior papers, the term specific capsular reaction has been used instead of capsular swelling reaction or "quellung" because no data were available to indicate that an increase in capsular size occurred when specific antiserum and encapsulated staphylococci were combined. We have used the term specific capsular reaction to preserve uniformity with terminology used in previous papers.
Morse (12) , Koenig (6) , and Mudd et al. (13, 14) were unable to elicit a specific capsular reaction using the Smith strain, but we succeeded in this endeavor by employing both rooster and rabbit immune serum. Morse used the Smith diffuse strain in all of his experiments (personal communication). India ink preparations of this strain illustrated that the organism was surrounded by an envelope structure (12). Mudd et al. (13, 14) reported that the encapsulated Smith strain grew as a compact colony in normal rabbit serum. This staphylococcus was also surrounded by an envelope structure, as demonstrated by the India ink method. Although we do not dispute the validity of these observations, these data tend to obscure the basic question, namely, whether or not the virulent form of the Smith strain is encapsulated and grows as a diffuse colony in serum or plasma soft agar. Growth of the Smith strain in normal rabbit serum soft agar as a compact colony has usually been interpreted (6-7) as a characteristic of the nonencapsulated avirulent form of the Smith strain; but Mudd et al. reported that their culture of the Smith strain grew as a compact colony in normal rabbit serum soft agar. Electron photomicrographs of the Smith diffuse variant indicated the presence of a capsule (7). However, Koenig (6) was unable to find any difference in the diffuse or compact Smith strains when these strains were examined in India ink preparations. To use wet India ink preparations as the only criterion for the demonstration of encapsulated S. aureus could lead to confusion. It should be re-emphasized that the most definitive method for the demonstration of capsules of S. aureus is the specific capsular reaction.
Mudd et al. (13, 14) maintained that the encapsulated Smith strain used in their research should be considered as the prototype of encapsulated S. aureus strains and that the wound strain isolated in our laboratory should be considered as a representative of a phenomenon which they called the extracellular peripheral precipitation reaction (EPPR). Mudd et al. (13, 14) would exclude the wound strain of S. aureus as being truly encapsulated because they would restrict true encapsulation to virulent naturally occurring strains. The wound strain in its encapsulated state was obtained by the method employed by Bigger, Boland, and O'Mera (2) . Its virulence is indisputable (18) . We have isolated naturally occurring encapsulated S. aureus of the wound type from rabbits, roosters, mice, and humans. Each isolate exhibited a positive specific capsular reaction upon initial isolation (18, 19) . We devised and employed a virulence test in embryonated hens' eggs in our laboratory (18) , which is well suited to the testing of the virulence of S. aureus isolates. In this test, the wound strain behaved as a virulent strain with an LD50 of less than 500 organisms. Our finding of anticapsular antibodies that react with the wound strain in normal rabbits, roosters, mice, and humans (18, 19) 
